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ABSTRACT

The STIS instrument was installed on the Hubble Space Teleacope during the
second servicing mission, in February 1997, Four bands cover the wavelength range of
115 1000nm, with spectral resolving powers between 26 and 200,000, Camera modes
are used for target acquisition and deep imaging. Correction for HST's spherical
aberration and astigmatism is included. The 115-1Tnm range is covered by a Cal
MAMA (Multi-Anode Microchannel Array) detector, and the 165-310nm range by
a CaTe MAMA, each with a format of 2048348 pixels; while the $05-55nm and
GH0(F1000nm ranges are covered by a single OCD with a format of 1024x1024 pixels.
The multiplexing advantage of using these two dimensional detectoras compared to the



1 x 512 pixel detectors of the first generation spectrographs is ane or two orders of
magnitude, depending on the mode nsed. The relationship between the scientific goals
and the instrument specifications and design is discusaed.
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1. Introdwction

STIS is a general purpose spectrograph designed to replace the first generation HST
spectrographs and greatly enhance the HST spectroscopic capability. STIS capabilities with
approximate resolving powers and spectral ranges include:

L low resolution spectral imaging (spectral resolving power, R =A /AN (FWHM) -~ 500- 1000;
long slita and wide apertures; 1151000 nm covered in four bands)

2, medium resolution spectral smaging (R ~5000-10,000; long alita; 1151000 nm covered in
557 nm wavelength intervals)

4. medium resolution echelle spectroscopy (B ~23,000-35,000; short slits; only in the
ultraviolet)

4. high resolution echelle spectroscopy (R ~105,000; short slits; anly in the ultraviolet)
h. objective spectroscopy (B ~010); wide field; cne ultraviolet band, 115310 nm)

fi. broadband imaging (ultraviolet or visible; a few filters available for identification and
acquisition of line or contimmm sources or for extending dynamic range of acquisition capability ).

The purpose of this paper is to present a thorough description of STIS, so that potential
astronomical nsers can become aware of its capabilities, whether implemented in the suite of
modes supparted by the T8¢l initially or later.

In the imaging spectroscopy and camera modes, the spatial resolution achieved by STIS is
(.06 arcseconds FWHM in the ultraviolet and .12 arcseconds FWHM in the wisible. In the UV
the apatial resolution is limited by the telescope point spread function and its focus changes,
referred to as breathing, while in the visible it ia limited by the STIS CCD pixel sampling. The
available operating modes are shown in Tables 1 and 2, with the resolving powers achieved in
ground teating. Table 1 shows the primary modes. Table 2 shows the backup modes, to be used
in case of & detector failure or for intermediate resolution.

In Section 2 we discuss briefly the scientific program that STIS will addreas, and the
relationship of the design specifications to them. The optical design, including spectrcscopic and
camera modes, and aberration correction, are discussed in Section $. The detectors, two MAMA
detectors for the UV and a CCD for the wisible, and backup overlap between them, are discussed
in Section 4. The arrangement of in-flight wavelength and flat-field calibration lampa is described



in Section 5. The functions of each mechaniam are described in Section 6. The control and data
handling electronica and software, including target acquisition, are in Section 7. Section ¥ contains
the atructural and thermal design.

[EDITOR: Place Figure 1 about here, or as a separate Plate|

Current information about STIS is found at the Investigation Definition Team's World Wide
Web site af: http::/hires.gafc nasa.gov /stis ‘stispage.html.

A deacription of observing with the supported modes of 5TI5, for which the 5T5c] provides
calibration, is found in the main section of the STScI STIS Handbook (Baum ef al., 19896}, which
is found on the World Wide Web at
http: / fwww stacLedu,/fip/instrument newsSTIS ftopatia. html.

Also the awailable but currently unsupported modes are described as Appendix A of the
Handbook and earlier general descriptions are in Woodgate et al. (1886, 19492). A description of
the in-flight performance as of July 1997 is found in Kimble et al. [1998).

2. Scientific Program.

While the detailed scientific rationale is outside the scope of this instrumentsal paper, it is
useful to keep in mind the relationship between the scence goals and the instrument design.

The scientific program of the STIS Investigation Definition Team is representative of the
many important problems that can be investigated with STIS by the larger HST user community.
It includes studies of the dynamics and mass distributions of normal and active galactic micled,
the evolution of galactic haloes, proto-galaxies, and the intergalactic medium, the compeosition,
kinemastics, and physical processes in various phases of the interstellar medinm, the abundances
and atructure of stellar photospheres and masa loss phenomena, the magnetospheres, aeronomy,
and stratospheric chemistry of the outer planets, bow shocks and other dynamic phenomena in
proto-stars, the temperature structure within magnetic flux tubes in the outer atmospheres of
late-type atars, and a deeper search for planetary systems forming around nearby stara.

Specific science programs are particularly able to take advantage of the technical advance
made posaible in the spectrograph by providing spectroscopic grade [high quantum efficiency and
low noise)} two dimensional detectors. They then stand as examples of the scientific rationale
for the instrument and therefore as design drivers around which the capabilities are defined
and development trades are made. In addition to these, since STIS replaces the two HST
one-dimensional detector spectrographs, it is also highly desirable not to lose or diminish the
main capabilities supporting their scientific programa. This relationship is summarized in Table
4, which outlines the relationships between specific scientific objectives, instrument requirements,
and their implementation in the design.



In the subsections that follow we summarize the primary science drivers:

2.1. Galaxy nuclear dynamics.

The measurement. of the dynamics of the atars and gas close to the miclei of nearby galaxies
enables determination of the mass of the central regions, for example determining the existence
and mass of black holes for specific targets. Such measurements can be done efficiently by placing
a long alit across the micleus and taking many spatially distinct spectra in a single observation, to
meaaure the Doppler shift, velocity dispersion, and higher moments of the profile as a function of
distance from the nucleus. The HST angular resolution is eritical in order to obtain spectra close
to the nucleus. A spectral resolving power of at least B0 is required to measure the velocity
dispersions in cold systema. This resolution is available in mode GTHIM or G430M [Table 1).
Because of the low surface brightness at the HST angular resclution it is necessary that the CCD
detector has low read naise and dark noise

2.2, Q80 absorption line spectroscopy.

The intergal actic medinm, intergalactic clouds, haloes of galaxies, and galactic disks may be
studied as a function of cosmic time using absorption spectra of background Q50a. The last § to
E Gyra are best studied in the UV where the rich UV spectrum is not redshifted into the visible.
Also relatively nearby absorption features are more easily correlated with detectable objects seen
in spatially resolved images. A large wavelength range af medium spectral resolution in ane or a
few observations is needed to observe a large span of cosmic time and to obtain many spectral
diagnoatics with sufficient resolution to separate velocity components and to measure accurate line
depths for accurate sbundance determination. These requirements are met with modes E140M
and E230M, by packing many spectral orders anto the two dimensional UV detectors. To remain
signal limited over the many orbits of expasure time required, the detector background must be
very low. This is obtained by reducing the Cerenkov background compared to the first generation
spectrographs using the natural spatial anti-coincdence of the MAMA defectors. The sensitivity
in the far UV iz also enhanced by using an opaque Cal cathode deposited on the microchannel
plate of the Band 1 FUV MAMA detectar.

The very low MAMA detector background also enables more effective studies of the helium
Gunn-Peterson effect, where the low resolution spectra (in mode G140L) remain signal limited
over the many orbits required.



2.3. Interstellar Medinm.

Investigation af the interstellar medium by UV absorption lines in the spectra of distant hot
stara requires a3 high a apectral resalution as possible to separate many clouds closely spaced in
velocity, and a wide wavelength range to study many atomic and molecular species formed over a
wide ionization range. In the high resolution echelle modes [ E140H and E250H), resclving powers
af 140,000 to 200,000 have been obtained, with 2 to 30 spectral orders on the detector covering a
wide wavelength range at one time.

High signal-to-noise is required to detect weak absorption lines from low density clouds, or
rare elementa and ions. This requires a large number of confimium counts per resolution element.
To obtain many counts in & reasonable observing time requires that the detectors have a high
dynamic range. The MAMA detectors use high conductance single curved microchannel plate
intensifiers, capable of 200 counta/s per pixel, with electronica that run at Z00,000 counta/s,
making these systems the highest dynamic range two dimensional photon counting detectors
presently available.

Emission line nebulae may be observed using up to 5N spatial elements in long slit spectra,
with {1L.05 arcsec angular resolution in the UV and (1.1 arcsec in the visible.

2.4. Proto-planetary disks.

The sharp image quality of HST when corrected for spherical aberration, and ita relatively low
scatter compared to ground-based imaging, enables the observation of faint objects very near to
bright ones, particularly when a coronagraph is used. The study of proto-planetary disks around
nearby bright stars, including the search for inner houndaries and cleared rings due to planets,
will provide examples of the formation of planetary systems other than our own.

STIS provides occulting stops in the focal plane in both imaging and apectroscopic modes.
The long alits have bars across them with different widths for occulted spectroscopy. A occulted
aperture for imaging is provided with fingers and wedged bars to allow selection of the width. In
addition, for the imaging and low resclution spectroscopy modes in the visible ‘near IR, partial
Lyot stopa block the auter edge of the pupil to remove diffracted light and scatter from the outer
edge roll-off phase errar of the teleacope primary mirrar.

2.0. Stellar activity.

The atudy of stellar activity, particularly stellar flares and pulsars, requires high time
reanlution. This is accomplished in the UV by tagging each recorded photon from the MAMA
detectors with time and position (wavelength). The time resolution retained is 125 microseconds.



The lower background of the MAMA= as described above is also critical to separate stellar flares
from Cerenkov events in the detector.

2.6. Emission line galaxies.

In the last few years it has become possible, particularly with the HST image quality, to
complement the study of high redshift (50 absorption systems with the study of high redshift
galaxies in emission. With multi-band imaging, candidate objects in particular redshift ranges
may be selected, and then their redshifts measured by spectroacopy. A fairly high fraction of these
objecta are compact emission line galaxies. Such galaxies may be observed directly with §TIS
naing slitless spectroscopy, to determine their redshifts, velocity distributions, line strengths and
line ratics.

The low asky background from space, particularly with HST angular resclution, makes the
detection of faint compact (< 1 arcsec) emission line galaxies much eaaier than from the ground.
STIS alitless spectroacopy in ita low spectral resolution modes (B~500) with ita 50 and 25 arcsec
square apertures in the visible and UV respectively, can be used to search for these galaxies at all
redshifta from 0 to 7 (Lyman alpha at 1000nm). Although the sensitivity of these measurements
in the visible will be limited by the zodiacal light, the UV sky background is particularly low
becanse the Sun is much fainter, and the UV measurements will be signal limited for many orbits.

Specific galaxies and clusters will be targeted when STIS is the prime instrument, and this
technique will be used as the predominant method for parallel observing for statistical studies.
This objective waa not used as a design driver, but became possible with instrumentation provided
for other purposes.

3. Optics

The STIS optical design as illustrated in Figure 2 provides for the spectral and imaging
modes of operation and compensates for the aberrations present in the HST. To meet the science
objectives, the ST optical design includes the following properties:

The throughput of the all-reflective optical system is maximized by eliminating unnecessary
reflections, particularly in the UV where low surface losses are difficult to achieve.

HST aberrations are corrected forward of the aspectrometer entrance, providing sharp imagery
at the field limiting slits, with in-fight adjustment capability to accommodate uncertainties in the
optical and mechanical interface between STIS and HST.

Redundant modes of operation are provided to minimize the loss of science in the event of
loss of one or more of the detectors.



The 5TIS optica have been configured into two basic subassemblies. The first is a two-element
reflecting corrector, which eliminates the spherical aberration created by the primary mirror
mamifacturing error and the off-axis aberrations present in all Ritchey-Chretien telescopes. The
corrector 18 followed by the imaging spectrograph: collimator, grating, and camera elements to
provide high resolution and high efficiency spectroacopy and imaging capability in order to satisfy

the science requirements.

[EDITOR: Place Figure 2 about here, or a3 a separate plate|

3.1. Corrector

The correction of the telescope's spherical aberration and off-axis astigmatism is performed
with & two-mirror system. The first mirror is a sphere that images the HST pupil onto the
second corrector mirror, which is an anamorphic asphere that is alightly toroidal in shape. The
anamaorphic mirror correcta the spherical aberration and astigmatism and re-images the corrected
HST image onto the spectrometer alit wheel, where the selected alit will be positioned. The first
mirror 18 supported on & mechanism providing focus and two-axis tilt, as described in section 6.3

3.2. Imaging Spectrograph

Light from the corrected HST image enters the spectrometer through one of the slita on the
alit wheel. The slits, which are used to set the required FOV for the various modes of operation,
range in size from B arcseconds square to 0.1 by 0.025 arcseconds. After passing through the slit
wheel, the light is collimated by an off-axis elliptical mirrar. The parallel beam is directed to the
grating wheel, which directs the light toward one of the three detectors af interest.

Except for the echelles, gratings are mounted on the grating wheel, which provides mode
selection and scan capability and is near an image of the aystem pupil. By wirtue of their location
near & pupil, the gratings can be amall (26 mm diameter ). This simplifies grating fabrication and
supports broad science capabilities by providing for several modes of operation by interchange of
grating and mirrors.

The spectral modes are configured as either Wadsworth spectrometers (four reflective surfaces
including the corrector) ar Czermy-Turner spectrometers (six reflective surfaces including the
corrector). Modes GI40L and G230L (see Table 1), which are the highest efficency spectral
imagery modes, require Wadsworth configurations in order to provide the highest throughput.
In the Wadsworth confignration, light from the collimation mirror is intercepted by an off-axia
parabalic grating located on the grating wheel. From there the light is dispersed and focussed
directly onto the detector assemblies. In the Czerny-Turner configuration, light from the
collimation mirror is intercepted by either a plane grating or a prism on the grating wheel. From



there the light is dispersed and directed toward either a fold mirror or an echelle grating near the
detector assemblies. The fold mirror/echelle grating directs the light toward the respective camera
mirror, which fomises the dispersed energy onto the appropriate detector, as illustrated in Figure
2. Order sorter filters, where needed, are carried with the gratings on the grating wheel, and fixed
in relative position in front of the relevant gratinga . The grating wheel provides for the selection
and apectral scanning of the grating, as deacribed in Section 6.1

3.3. Diffraction gratings

The STIS spectrographs nse 16 diffraction gratings, 12 of which are nsed in first order and
four of which are echelle gratings used in higher diffraction orders. The first order gratings, located
on the grating wheel, have grating constants ranging from 67 to 3600 grooves per millimeter and
blaze angles ranging from (.67 to 14.7 degrees (see Tables 4-i). These gratings suppaort 12 of the
L} spectral modes, serving as the dispersing elements in the first order spectral imaging modes
and as the cross-dispersers in the four echelle spectroscopy modes. The remaining spectral mode,
the objective spectroscopy mode of the near UV [NUVY), is dispersed by a prism located on the
grating wheel. Two of these gratings are replicated on slow off-axis segments of parabolas using
mamifacturing techniques developed for the GHRS cross-dispersers. The other ten firat order
gratings are replicated on plane grating blanks. All elements on the grating wheel [gratings,
prigma, and mirrars] are about 25 mm diameter, to cover the 19 mm pupil diameter.

Each of the four echelle spectroscopy modes has a dedicated echelle grating mounted on
the optical bench bulkhead supporting the STIS detectors. These plane echelle gratings are the
primary disperasing element for their modes and are used in conjunction with the appropriate
cross-disperser grating mounted on the grating wheel. The echelles range in grating constant from
26 to YU grooves per millimeter, in blaze angle from 32 to 70 degrees, and are used in orders
ranging from 51 to 432 among the four modes. Two of the echelles are 56 x ) mm, and two are
56 x 76 mm in size. Each of the 16 gratings was optically coated to optimize ita performance over
ita intended spectral region. Details of the gratings and their testing are in Content ef al. [1H96).

3.4. BSelectable slits

The slit wheel allows selection of the appropriate slit for the desired science observation
(Table 7). The firat order spectral imaging modes can select from 5() arcsecond long slits ranging
in width from L05 arcseconds to 2 arcseconds, which have internal occulting bars for bright object
exclusion. Four of these slits are rolled at 45 degrees to provide greater position angle flexibility.
Use of these slita doubles the number of roll angles, and therefore the number of acheduling
oppartunities for obtaining spectra of extended objects along specific axea. For planets, this added
flexibility is impaortant, since there are often specific time constraints that must be satisfied for
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reasons other than those coupled to the permissible roll angle of the telescope, and to provide
access to polar or equatorial directions. Sixteen slits are available for the six echelle spectroscopy
modes. They range in length from 0.10 to 6 arcseconds with widths of U025, 005, 0.10, 0.20,
and 0.5 arcseconds. Short slits must be used to separate echelle orders. However, for extended
objecta that have only emission lines, a much taller slit may be chosen to image the source in cne
direction and obtain more counts, but with possible overlap in some lines. Camera mode apertures
of 5l x B arcseconds, 25 x 25 arcseconds, 6 x 6 arcseconds and 2 x 2 arcseconds are provided. A
corcnagraphic camers aperture of 5 x M) arcseconds with internal occulting wedges and fingera is
alao provided. In UV apectral modes the full STIS spectral resolving power is matched to (L0540.08
arcseconds, and in visible/ TR modes it is matched to (1.1 arcseconds.

Also attached to the slit wheel are a limited set of filters, primarily in the UV, as shown in
Table . In addition neutral density filters are provided for target acquisition, calibration, and
for spectra and images of very bright targeta. The complement of slits, apertures and filters are
shown in Tables T and 8 A quadrant sector of the slit wheel, made by Max Levy Autograph, NJ,
ia shown a8 Figure 4.

4. Detectors

STIS usea two detector technologies, MAMAs and CCDs, in order to optimize performance
over the instrument wavelength range.

CCDs are well proven to have high performance in the visible and near IR, with quantum
efficiencies much higher than photocathodes, and with low noise. However, the use of CCDs in
the UV, at wavelengths down to 115 nm, would face unsaolved difficulties. A detector needing cold
operation, such as an astronomical CCD, collects UV-abaor bing contaminants, leading to rapid
efficiency degradation. Mo UV-stable cold detector has yet been demonstrated down to 115 nm.
Initial UV sensitivity could be provided by avercoating a CCD with a fluorescer such as linmogen,
with & moderate QF of 20-30%%, similar to a photocathode. However, to observe any objects in
the UV other than hot stars, such as cool stars, planeta, or galaxies, it is essential to block ot
the visible flux, which may be up to W times higher. Recently developed Woods filters anly
have & peak transmission of 15-18%, they provide a relatively narrow wavelength range, and their
stability over the expected life time of STIS is questionable. Even if stability could eventually be
proven, the combined efficiency of CCDs and filters in the UV would be much lower than that of
photocathodes. For the ultraviolet, we have therefore selected detectors which use Csl and CssTe
UV photocathodes, which reject visible photons [see Table 9}, and which operate uncooled. For
similar C)Es, the absence of read noise in photon-counting detectors makes them more sensitive
than CCDs for detecting faint sourcea. Further comparative discussion of detector types can be
found in Joseph [ 1885]).
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4.1. MAMA Detectors

The microchannel-plate based MAMA detectors combine solar blind, low background,
photon-counting capability with large format, high spatial resolution imaging. The digital nature
of the MAMA readout system, which incorporates physically distinet anode elements for the
individual pixels af the array, provides geometrically stable imaging and a high global dynamic
range. By operating with microchannel plate (MCP) gains much lower than these required for
analog position readont systema, the MAMA offers two additional advantages. Firat, the low
charge gain demanded of the single, curved MCP permits a much higher instant anecus loeal count
rate without gain sag (and resulting loss of QE) than for the multi-plate configurations that are
needed in analog position determining applicationa. Second, the lower charge extracted in each
pulse increases the total number of counts that may be accommodated in the detector's lifetime.
Mare detailed descriptiona of MAMA concepts and technology are provided in Timothy (198§),
Timothy and Byhbee (1986), Timothy et al. (1989}, Danks et al. (1992}, Joseph et al. (19894, 19495)
and Joseph (1987

Ench detectar consists of an entrance window (MgFs), photocathode [(Csl or Cs;Te), a curved
microchannel plate (C-plate), and an anode array. The components are held in a hermetic stacked
Kovar and ceramic body that is indium sealed to a MgF; window at the front and welded to a
Kovar flange an a mmlti-layer ceramic header at the back. The multi-layer ceramic header provides
suppart and electrical connections for the * fine-fine” (see below) coded anode array outputa. High
voltage connections are made at the annular Kovar rings.

Photons entering & detector are converted to electrona at the photocathode and accelerated
into the 12 micron pores of the C-plate. The C-plate has an applied voltage seross its faces of
205 to 226V to drive the electrons through the plate, and the secondary emitting properties of
the pore surfaces produce a charge cloud of 7 x W* electrons at the plate exit. The anode array is
placed in proximity focus to minimize the dispersion of the charge cloud. The charge is read out
of the array through L2 charge amplifiers to a decoder to give the two-dimensional position and
time of arrival of the pulse

The fine-fine anode array (Timothy et al., 1984 is a more balanced encoding scheme than the
earlier coarse-fine array, and allows a more uniform flat-field distribution. It also allows encoding
af a broad charge cloud distribution [covering up to six anodes in each axis instead of four) to
improve charge collection efficiency. This would also allow using a chevron MCP as & backup [ but
see below).

The C-plate consista of & thin Ph-based glasa plate honeyeombed with amall 12 micron pores
on 15 micron centera. The plates are hydrogen reduced in a furnace to create a secondary emitting
surface in the porea. The pores themselves are curved along their length in the shape of & C, hence
the name; the C shape inhibits the migration of ions back through the plate to the photocathode.
The single C-plate is preferred over the backup 2-plate [chevron) stack, which suffers & much
larger gain change as a function of extracted charge compared to a C-plate. This requires that
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the fully acrubbed chevran MCP operate at =40% higher woltage than a C-plate. The use of &
C-plate results in & more rugged tube against gain changes from overexposure, and & lower risk
due to reduced high voltage. A reason to avoid chevron MCPs is their image structure dependent
maximum local count rates, that are inherent in multiple MCP configurations over a range of
image sizes from 25 to 1000 microns. lon feedback from & chevron MCP would have a significant
performance effect on the proximity-focussed MAMA detector, since the ion-induced event canses
the decode logic to reject the primary and feedback eventa, resulting in reduced DOQE [ Danks et
al. 1992, Joseph et al., 1984).

The two MAMA detectors differ slightly in design. The far UV Band 1 detector is designed
for 115170 nm and uses a Csl photocathode deposited directly onto the MOP; a field electrode
is provided to push any photoelectrons produced by the MCP web into the pores. This detector
haz a tilted (8.5 degrees) entrance window to prevent chromatic aberration in the far UV imaging
mode. A Y% transmissive chrome layer is evaporated on the inside of the MgFz window to
mitigate any dielectric charging that would cause non-uniformity in the repeller electric field. The
field electrode may be turned off to improve reaclution, although at the expense of DQE (see Table
9).

The near UV Band 2 detector employs & semitransparent CazTe photocathode, which provides
the long wavelength sensitivity [165-310 nm). This cathode is deposited on the inside aurface of
the re-entrant window, because CssTe has not yet been demonstrated to be compatible with the
surface of an MCUP. The cathode is close to the MOP so0 that electrons emitted from the cathode
do not travel sideways far befare reaching the MCP. This is referred to as a proximity forua, In
all other respecta the detectors are identical.

A flight MCP is selected after rigorous testing in a demountable tube assembly where the
MCP gain, dark rate, spatial distribution of dark emission, and efficiency are measured. The fube
assembly is loaded into & dedicated ion pumped vacuum processing station and is baked at 300C
to create pressures of <10 torr throughout the remainder of tube processing. The MCP is UV
scrubbed for 25 days until the gain change per coulomb of extracted charge is <10%. In the FUV
tube, 8 nm of Csl is evaporated onto the MCP at normal incidence, while in the NUV tube the
semitransparent CsxTe photocathode is remotely deposited on the re-entrant MgFs window. The
MgF; window is sealed to the tube body using a hot indium seal.

The anode array is produced by Ball Aercepace Corp, with the fine-fine array design deposited
in Tungsten /Gold /Titanium to prevent processing defects introduced in previons fabrication
methods. The array detects incoming charge couds by triggering between 2 to 6 charge amplifiers
connected to these anodes, and these signals are decoded to provide positional addresses in x and
¥-

The imaging electranica include Application Specific Integrated Circnitry [ ASIC) for the
am plifier/discriminators and for the decoders to minimize the weight and wolume requirements
of the detector package. These designs successfully meet the 3 x 1(° events/second global count
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rate requirement while requiring low input power. The charge amplifier design also includes
suppression circuitry for preventing damage due to extraneous high voltage surges at the input.

MAMA events can be stored in memory as an accunmilating image in the standard integration
mode. Alternatively, in time-tag mode the time and location of each photon event can be recorded
explicitly. The logic can also be programmed to select a sub-array in either integration or time
tagging mode for better utilization of the cn-board memory and telemetry. A modified form of the
accumulation mode is one where chaging doppler shifta due to the observatory's orbital motion
can be added as an addreas shift before storing in memaory.

The MAMA format is normally read out to the ground as 2048 x 2048 samples. For highest
reanlution the full format should be retained. For highest signal-to-noise, partionlarly without
flat-fielding, the data can be binned in orbit or on the ground to W24 x 1024, Each axis can
be binned separately; for example in a apectral mode for maintaining spectral resolution while
improving signal-to-noise. The 2048 x 2048 format is achieved by coding the least significant bit to
indicate whether an odd or even mimber of anodes were triggered, thereby interpolating between
the 25 micron pixels [Kasle, 1988; Joseph et al., 1995).

The MAMA detectors are fabricated in-house by Ball Aerospace, the STIS Prime Contractor.
Table ¥ shows the measured performance of the flight detectors compared to their specifications.

4.2, CCD Detector

The CCD detector, a 1024 x 1024 pixel device from Scientific Instrument Technologies (SITe),
extends the STIS wavelength range through the viaible portion of the spectrum, covering 305- 1000
nm. It is a backside-illuminated, buried channel device operating in the inverted mode, with an
overacan region included for bias removal (Orbock et al., 1989}, The dark current is reduced by
one to two orders of magnitude using dopanta called Multi-Phase Pinned [MPP) implants which
allow the substrate woltage to be inverted, which prevents surface states from leaking charge into
the depletion region. Amplifier noise improvements are achieved by applying the Lightly-Doped
Drain (LDD) technology, which reduces the parasitic capacitance associated with the output
transistor. A narrow channel implant called a minichannel improves the Charge Transfer Efficiency
for low level charges by reducing the exposure of carriers to traps in the lattice structure. 5ITe
proprietary backside processing and silicon nitride anti-reflection coatings are nsed to maintain
the quantum efficiency at wavelengths shorter than 400 nm [Kimble et al., 1914 ].

The CCD is cooled to —83°C by a Thermo-Electric Cooler [TEC) in order to achieve low
dark current with the MPP design and inverted operation. The cooler and CCD are enclosed in a
sealed housing, constrcted of maolybdemm to serve as a radiation shield against protons in the
South Atlantic Anomaly (SAA). The external houaing includes a 5i0; window which will operate
near the instrument temperature of +12 to +25°C. The housing is evamated and sealed so that
all cold components prone to the condensation of optical contaminants can be protected from the
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external environment. The heat pumped away fraom the CCDY is dumped via conductive straps to
a radiator mounted on the STIS enclosure

During non-integration periods, basic “Hush” operations will be used to condition the CCD,
with continual readout or flushing the normal mode, in order to prevent the buildup of nmwanted
charge. 19 pixels of leading and trailing overscan data per row and 20 rows of parallel overacan

alao may be used for background removal.

Integration periods are selectable in increments of 0.1 seconds up to 60 minutes. For long
total integration times, several shorter exposures should generally be taken to permit the removal
(through vetoing) of cosmic ray hita.

The design of the CCD and associated electronics provides both operational Hexibility and
redundancy. There are four readout amplifiers, one in each corner of the detector. Each amplifier
ia read out through an independent analog signal processing chain, and the STIS flight aoftware
suppaorta full-frame or rectangular-subarray readout with any of the four amplifiers, as well as two
and four amplifier readout modes. The device architecture and clock driver design ensure that
no single electronica failure can cause the loss of the full array The full array can be read out
despite the loss of any single wire connection to the CCD or the loss of any serial clock driver. If
& parallel clock driver fails, half of the spatial field would be lost, but the spectroscopic modes are
ariented so that full wavelength coverage would be retained.

The read-out electronics have selectable gain to provide for differences in image intensity
beyond a dynamic range of 65,000 (16 bits). The gain is selectable from 1 electron /‘bit to &
electrons/bit. In addition, by combining or “binning” pixels cn-chip before readout, extremely
low surface brightness image data can be accommodated. This will be used, for example,
in apectroscopy of faint galaxies. Data from selectable rectangular portions of the image, or
sub-arrays, may be read out, to reduce the readout time. This ia used for example in target
acquisition.

Doppler correction for spacecraft motion is provided primarily by timely dumps of image or
sub-array data to memory or to the spacecraft. Since the highest spectral resolution offered by
STIS in the visible iz only 10,000, doppler carrection is less eritical than for the high resolution
MAMA modes.

Several methods are planned to deal with radiation damage effecta. Minichannel implants in
the parallel channels, and inverted MPP operation minimize the effects of both lattice dislocations
and ionization damage. To offset residual effects of long-term degradation, the design provides
the capability to vary clock timing and phasing, to operate at lower temperatures, and to change
critical voltage levels. Approximately once each month, the thermo-electric cooler (TEC) is
turned off for 12 hours to anneal the lowest energy traps accumulated. This was successful in
removing approximately 805 of the hot pixels for WFPC2. For STIS the CCD temperature during
annealing is approximately —5°C.
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CCD performance characteristics are shown in Table Ll

4.3. Detector backup arrangement.

If either MAMA detector were to fail, then another detector can provide partial backup. If
the FUV MAMA failed completely, then the NUV MAMA can provide similar spectral resolving
powers using the modes shown in Table 2 as GI4ULEB, G140MB, E140MB and E140HB. The
latter two modes use the primary MUV echelles, but illuminate them with FUV cross-dispersers.
These modes would have about half the efficiency of the normal FUV modes, since the CasTe
MAMA has about half the efficiency of the Csl MAMA in the FUV, and there would be less long
wavelength scatter protection for cool sourcea. If the NUV MAMA were to fail completely, then
the CCD can provide partial redundancy through the G2ZRLE and GZHMB modes, which are
already supported as prime modes since the CCDY is more efficient than the MAMA above 250 nm.
These modes have less long wavelength scatter protection than the prime NUV MAMA modes.
The NUV echelle modes would be lost if the NUV MAMA failed.

b. Calibration system.

Calibration lamps are provided for wavelength calibration and flat fields.

Three Pt/ Cr-Ne hollow-cathode lampa similar to those flown on the Faint Object Spectrograph
provide wavelength calibration of the spectral modes, and provide alit reference illumination
for target acquisition. Together they cover the 115-100{nm wavelength range, overlapping each
other, but generally with Pt covering 115300nm, Cr covering $00-6}nm, and Ne covering
SO0-100nm (Sansonetti et al., 1992 Kelly, 1987). Their spectral lines are sharp enough to provide
in-flight measurement of the spectral resolution, except for the highest reasolution modes, E140H
and E230H, where the hyperfine structure of Pt is partially resolved. To provide a range of
brightnesses, these wavelength calibration lamps can be operated at 3 current levels, 3.8mA, 10mA
and 20mA.

Three flat field continuum lamp types are provided. Continuum spectra reasonably free of
lines are required to measure the pixel-to-pixel sensitivity variations across the detectors (called
Hat fields) close to the wavelengths of use. The near UV (165-310nm} can be illuminated by
a deuterium radio-frequency (RF) excited lamp, modified from the design used by the Wide
Field and Planetary Camera 2 (WFPC2). The far UV [115-170nm } can be illuminated by a
similar krypton RF lamp down to 128 nm. The krypton lamp is followed by a ScF'2 filter, and
the deuterinm lamp is followed by a fused quartz ND1 filter. These filters remove strong lines
to smooth the spectra, and reduce the beam intensities to reduce photopolymerization of the
following optica. The wisible and near IR (305 100{lnm ) is covered by 4 tungsten bulbs in & single
housing. These bulba can be operated singly or in apecific paired combinations.
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The lampa are organized into two independent optical subsystems, the hole-in-the-mirror
(HITM) aystem, and the insertion mirror (IM) system.

The HITM aystem contains two of the Pt/Cr-Ne wavelength calibration lamps. Their beams
are combined by UV-optimized MgFz beam-splitters and delivered through a hole in the second
corrector mirrar. A pupll is formed st the second corrector mirror, which contains the reverse
spherical aberration to the telescope primary mirror as well as a correction for astigmatism. In
the shadow of the telescope secondary mirror image a hole was put in the corrector. This allows a
narrow beam from the spectral line lampa (f/185) to be input along the spectrograph axis without
requiring & moving mechaniam. The Pt /Cr-Ne lampa in the HITM subsystem provide reliable
spectral formats for dispersion and wavelength offset determination, as well as target acquisition
illumination.

The IM system containa the remaining Pt /Cr-Ne spectral line lamp and the continuum fat
field lamps. Beams from the continunm lamps are combined by UV-optimized MgFs beam-split ters
into & single beam, and then transferred via an elliptical mirror, & spherical mirror, and fold
fata to a fold flat mirror on a mechanism (the Calibration Insertion Mechaniam, or CIM). The
Pt /Cr-Me lamp beam is combined with the same optics as the continuum lamp beams with the
exception of & re-imaging toroidal mirror immediately downstream of the Pt/Cr-Ne lamp. The
CIM can be inserted into the beam from the telescope to deliver a beam into the spectrograph
from the same direction a5 an external celestial source. This beam slightly overfills the f/24 one
from the telescope. The elliptical mirror collects the light from the lampa and focuses the lamp
images onto the spherical mirror, which focuses the image of the elliptical mirror cnto the alit
wheel. For the UV this provides as uniform a source at the entrance aperture to the apectrograph
as possible without suffering the light losses of a diffuser, and with approximately the correct cone
angle, for optimal flat fielding. For the visible there is sufficient light that a diffuser is incorporated
in the tungsten lamp assembly prior to the reflective relay aystem described.

In arder to provide useful calibration exposure times over the range of instrument modes,
where the dispersion range multiplied by the efficiency range is greater than 10%, and to provide
for expected substantial degradation of lamp intensities, particularly of the continuum flat field
lampa in the UV, several slita and & range of neutral density filters are dedicated to the calibration
system. As the lamps get dimmer, probably mostly due to polymerization of contfaminanta an
their windows from their own strong UV flux, less dense neutral density filters may be used,
and eventually increasingly wider clear alita can be used to provide sufficient fux for calibration
measurements.

Initinl results for the signal-to-noise achieved in the UV with the MAMA detectors are found
in Kaiser et al.[1988].
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6. DMechanisms.

There are & mechanisms in §TIS: the Mode Select Mechanism, the Slit Wheel, the CCD
Shutter, the Corrector Mechanism, the External Shutter, the Calibration Insert Mechanism, the
Mode Isolation Shutter, and the Echelle Blocker.

All the mechaniams have electrical redundancy by being controllable from either of two
electrical aides throngh redundant motor windings.

6.1. Mode Select Mechanism (MSM).

This mechanism, also called the mitating grating wheel, performs the primary selection of the
operating mode (Figure §). It moves the selected mode-defining optic, grating, mirror or prism,
into the optical beam, and tilts that optic to the correct angle to direct the beam to the following
optic.

This function is accomplished with 3 concentric nested cylinders. One cylinder rotation moves
the optic, one of 21 on a ring, into the beam. The other two cylinders, whose axes are tilted by 2.5
degreea with respect to the first and to each other, operate together to tilt the ring to the selected
angle, and can reach any azimuth within a § degree radius.

The tilt ia used to select the observing wavelength for those modes where the whole bandpass
doea not fall on the detector for one tilt angle. These are 3 of the 4 echelle modes [E140H, EZ30M
and E230H}, and all 4 medinm resolution long slit modes [ G140M, G230M, G430M and GTHOM].

In addition, the tilt has been nsed to provide the precise final centering for the wavelength and
alit peaition on the detector for all the modes after more coarse angular shimming aof the optics.

Partial mechanical redundancy is built into the design in that if cne cylinder failed, then the
two tilted cylinders can be set with their tilts in opposition to allow access to every mode in the
untilted position. This would provide full capability for those modes where tilting is not required,
and a limited wavelength range for the others.

[Editor, place Figures 3 and 4 about here, or as separate Plates|

6.2, Slit Wheel.
The other primary mechanism is the alit wheel (Figure 4}, which provides 65 apertures or
alita, for limiting the field for spectroscopic or imaging functions, as described in section 3.1.4.

For each apectral mode selected nsing the MSM, an appropriate slit or aperture may he
chosen.
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6.3. Corrector mechanism.

To achieve full acience capability the first corrector mirror is independently focusable over a
+5 mm range with # micron accuracy and 15 micron stability to foma STIS to the HST Optical
Teleacope Assembly [(XTA). The first corrector mirror alao requires two-axis tilt adjustment over
a £+ 10 arcmimites range with 5 arcsecond accuracy, to center the HST exit pupil on the second
corrector mirror. This corrects the aberration with (L1 arcsecond (1 sigma) stability over a acience
observation to maintain the (FI'A pointing axis atable to 4 milli-arcaeconds.

G.4. Oiher Mechaniisms.

The Calibration Insertion Mechanism (CIM) contains a 45 degree mirror which it can insert
into the beam from the telescope after the second corrector mirror and before the slit wheel, to
block the telescope beam and replace it with a beam from one of the lamps from the IM system
described above. As part of a bright object protection operational acheme, the CIM is also used to
shutter either the external source or the internal lamp source around MSM and slit wheel motions,
to pratect the MAMA detectors, which have no shutters, from excessive light.

An external shutter was placed in front of the instrument to protect the corrector mirrors from
exceasive UV illumination. This is partioularly impaortant early in the flight before contaminanta
have evaporated from the new hardware on the spacecraft. This shutter is closed except while
observing an external target.

Because the both CIM and the external shutter can block the main beam, it is essential that
the mechaniams do not fail. They are therefore fully redundant mechanically, with separate nested
bearings, each with motors and encoders that can be controlled from either electrical side of the
inatrument. If a failure should occur, the mirror or shutter wonld be removed from the beam using
the backup methods.

The Mode Isolation Shutter and the Echelle Blocker work together to minimize stray light by
blocking the optical paths not in use to the MAMA detector in use.

A shutter covers the CCD during readout to prevent smearing. It can provide exposure times
a5 short as (1.1 sec, and has & blade an & wheel shaped to provide uniform illumination across the
CCD aurface.
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7. Control and data handling.
T7.1. Electronics
T.1.1.  Eectrical Subsystem

The HST Science Instrument Control and Data Handling (C&DH) system is & full y redundant
aystem (Side A and Side B} that provides power, and data and command handling for STIS. The
STIS electrical ayatem is redundant, consisting of side 1 and side 2 that are each able to receive
power, and data and command handling from either side of the HST CiDH. Each side of STIS
can control the entire instrument independent. of the other aside. STIS side 1 is the primary side of
operation. Hedundant electrical systems make STIS practically immune to single electrical faunlt
failurea, including the cne that occurred in the GHRS and was fixed during HST Servicing Mission
1. There iz limited cross strapping between side 1 and 2 to reduce the likelihood of having to
switch to side 2 in the case of a single failure; making STIS somewhat immune to dual failures.

Command and data handling from HST is supplied to STIS via the redundant Remaote
Interface Unita (RIUs} A and B installed in STIS. STIS side 1 or side 2 can be controlled from
RIU A or RIU B. The normal mode of operation is RIU A to MED side 1. In addition to passing
commands to the STIS electronics and computer, the BRI drives the external shutter directly.

Each MEB contains a control section, s support electronics section, a MAMA interface
electronics and a low voltage power supply

T7.1.8. Conbol and Support Electronics Sections

The Control Section (C5) receives commands from the RIU and either act on that command
[e.g., dump acience data from memory to HST) or control another section of STIS [e.g., rotate
a mechaniam}. The C§5 gathers data from the detectors, performs any data manipulation, then
formats and temporarily stores the data before sending the data to the Science Data Formatter
(SDF) in HST. The heart of the (5 section is the CPU containing an Intel 8(l386 microprocessor.
The C8 contains a science data buffer able fo hold 16 megabytes of data in Static Read Addressable
Memary (SHAM). This is enough storage to hold 2 MAMA images or T CCD images plus overscan.
The €5 receives hardware engineering data from the Support Electronica Section (SES), presents
a portion of this data to the RIU for transfer to HST, and merges the other portion to be included
a3 header information in the science data. The C5 contains Programmable Read-Only Memary
(PROM) for boot software code, and 2 Mhbytes of Electrically Eraseable PROM (EEPROM) and
error correcting HAM for storing the operational software code. The operational software code
ia maintainable from the ground since it is stored in EEPROM. Changes can be made to the
goftware in KAM in order to limit the number of write cydes to the EEPROM.

The SES acts on commands from the C5 and RIU, and is responsible for controlling 7 of the 8
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mechanisma within STIS, collecting engineering data and digitizing it, confrolling the calibration
lamps, and controlling and setting the CCD TEC tem perature.

T7.1.8. MAMA Interface Electronics

The MAMA Interface Electronica (MIE) consist of the cirouitry necessary to receive decoded
address data and a strobe from the MAMA, attach a time tag or Doppler correction if required, and
stare the resulting data at the proper addreas in C5 Buffer Memaory. When the MIE is commanded
into subarray mode, the address data received is checked for its inclusion in the subarray; if not
the data is discarded. The MIE receives the exposure time from the C5 and notifies the C5 when
the exposure is complete. The care of the MIE is the Intel 80386 microprocessor with associated
EEFPROM and RAM. The software code located in the MIE is changeable on orbit. When storing
the MAMA address data, the MIE takes over the C§ bus to store the data into Buffer Memory by
way of direct memory access.

7.1.4. MAMA Detector Electronics

The MAMA tube assembly iz housed with the MAMA detector electronica to assist in
maintaining low noise in the MAMA acience data. The MAMA detector electronics relieve the
C8 CPU from repetitive tasks of collecting MAMA data, and provide the ability to capture
photon events at & maximum rate of JO0K events fsecond. The MAMA detector electronics
consist of & low voltage power supply, high voltage power supply, control electranics, the charge
am plifier/discriminator, and decode cdreuitry. The low voltage power supply provides power to
the MAMA control electronica (MCE]), high woltage power supply, and charge amplifier /decode
circuitry. The discriminator threshold and high voltage power supply are programmable by
the control electronica. A hardware bright scene detection circuit disables the detector high
voltage when an equivalent global rate exceeds 10f counts/sec. The MCE incorparates precision
counters which are used to protect the detector from global and local over illumination, as well as
providing a diagnostic tool for monitoring detector health. The MCE is centered around a 80C51
microprocessor with embedded, un-modifisble software code. Commands are received by the MCE
from the €S Commmunications board to setup exposures (eg. turn on and set high voltage levels),
and for sending MAMA engineering telemetry to the CS5.

In arbit, an optical isolator in each MCE was found to be sensitive to high energy particles.
This could cause partial resetting of the MCE which has a slight probability of leading to
dangerons overvoltage of the detector. The U5 software was modified to remove this danger, and
MAMA high voltage is not being turned on within the block of South Atlantic Anomaly (SAA)
PASSAZES.

The core of the MAMA detector electronics is the charge amplifier/discriminator and decode
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circuitry, This creuitry receives data from the MAMA tube and determines the unique pixel
address for each photon event. Within the MAMA tube, there are a total of 132 anodes, which
uniquely map & 2048 by 2048, 12.5 micron pixel region of the MCP. This region is called the
active area of the array and the imaging events are recorded within this boundary. Each of the
132 anodes is connected to a charge amplifier /discriminator. When an event occurs that has
enough charge to exceed the discriminator threshold, a logic level pulse is produced. The MAMA
decoder 15 connected to the output of 132 discriminators and determines the address for the
valid event produced in the MAMA tube. This address data is sent to the T8 MIE for further
processing and storage. Photon counts are accumulated and integrated in time within the C§
Buffer Memory based on their pixel location. Each amplifier/discriminator is implemented as a
bipolar application-specific integrated cirenit [ASIC), and the x and y decoders are each ASICs
(Kasle et al., 1988).

T7.1.5. Charge Coupled Device Eleciromics Box

A state machine receives commands from the C5 and configures the CCD timing patterns,
bias voltages, clock vaoltages and offset voltage levels for all exposures. The state machine contains
H2K SRAM and 32K EEPROM to hold timing patterns. The U5 can modify the timing patterna
by writing into SRAM and EEPROM over the serial command link.

In addition to the CEB electronics, two small preamplifier boards are located at the CCD
package to maintain low noise for timing patterns into the CCD and analog data output from
the CCD. Each of the CCDVs four output channels are fed to & low noise preamplifier. The four
preamplifier outputs are fed to the CED analog signal processing board where they are digitized
to 16-bit accuracy and sent to the C5 Buffer.

7.2. Software and Operations

The operations of the 3 S5TIS detectors and 7 of the 8 mechanisms (the external shutter is
the exception) are controlled by software executing out of one of the microprocessors within the
instrument. There are two Intel 80386 microprocessors, referred to hereafter as the Control section
(C8) processor and the MAMA Interface Electronics (MIE) processor respectively. Additionally
there iz an 80CH] microcontroller, which handles MAMA detector electronic control (MCE) and a
Timing State Machine (TSM), which executes CCD timing patterns.

The STIS Control section provides one of the two interfaces between STIS and the spacecraft,
the other being command and telemetry routed directly to STIS hardware via a dedicated Remote
Interface Unit (RIU). The software operating within the C5 processor interacts, through dedicated
channels in the RIU, with §TIS software operating out of the spacecraft's command and data
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handling computer, the NSSC-1. The STIS command language is macro-hased. The CS respands
to specific macro commands by executing & sequence of commands to perform a specific funchion,
such as move & mechanism or start an exposure. The CF also sends telemetry back to the NSSC-1
computer, in the form of normal and special engineering data. Through this telemetry, STIS can
request spacecraft manenvers during target acquisition, keep the NSSC-1 informed that 5TIS is
still operating properly, and request action from the NS5C-1 in case of instrument anomalies.

STIS Flight Saft Ware (FSW) resides in the EEPROM section of STIS internal memaory, with a
small image of startup (Boot ) code resident in PROM. When the STIS MEB is turned on, the C§
will exemute initially out of PROM. Once successfully in the Boot State, the (perate image will be
downloaded from EEPROM into a dedicated section of internal memaory. This section has active
Error Caorrecting and Detecting Circuitry, to ensure that the operating code is not corrupted while
the instrument iz operating. In addition to the operating code, tables of calibration values will
alao be downloaded from EEPROM. These are items such as limits on voltages, temperatures and
other values checked in the internal telemetry sampling tasks, as well as the mechanism positions,
brightness limits and other items that the ground system may wish to modify periodically. The
operate code image for the MIE also resides in EEPROM; the C8 will tranafer it to MIE RAM
when the MIE is commanded to its operate state. CCD voltages and exposure timing patterns are
kept in EEPROM as well. The C§ and MIE operate software is fully modifiable in flight. Boat
code is non-modifiable. Also, there is software in the MCE PROM, which is also non-modifiable.

When commanded, the STIS Control Section software can move 7 of the STIS mechanisms
to the requested positions. In the case of the MSM, the FSW will determine the three cylinder
reanlver poaitiona required for the proper positioning of the optic based on the optic’s mnemonie
and the commanded wavelength. For the Slit Wheel, Echelle Blocker, Mode Isolation Shutter
and Calibration Insert Mechanism, the F&W sends the required mumber of steps to mowe the
controlling stepper motor, based on the commanded position. For all these mechanisms, the FSW
will check the final position againat the commanded position and issue an error message if they do
not mateh within tolerance. The Corrector Mechanism is commanded in a fashion similar to the
stepper motor mechanisms, but all positioning is relative and there is no closed loop contral. The
C5 FS5W also manages the STIS internal calibration lamps.

The STIS C5 FSW manages the 16 megabytes of buffer memaory available for the tempaorary
storage of data. These data can be acience data collected by one of the three STIS detectors,
engineering diagnostic data by which the FSW can get better time sampling of the engineering
telemetry from a specific piece of STIS hardware, or memory dumps from the C5 or the MIE or
the CCD Timing State Machine. Data from multiple exposures may reside in buffer memory at
one time, and may be sent to the spacecraft data recorder while another exposure is in progress.
In MAMA timetag mode, data can be dumped to the spacecraft while an exposure is in progress
in order to allow enough awvailable memory to store incoming events. The FSW will suspend
processing of events in timetag mode if no space in buffer memory is available. Note that for each
exposure, the FSW will create a science data header, which contains the commanded exposure
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setup value, and snapshots of engineering telemetry before and after the exposure. The header is
stored in the Error Detection and Correction (EDAC) section of memory, to prevent corruption of
ita contents, in particular programmatic information by which the ground syatem will identify the
data.

The STIS Control Section is limited in the execution of parallel activities. Internsal telemetry
ia constantly being monitored, but only single command tasks can be executed at one time.
Although this greatly simplified the STIS flight software, it forces a typical command sequence,
guch as the execution of an exposure, into a sequential string of activities, such as: moving the
alit wheel to the desired aperture, moving the MS5M to put the optic info place, sefting up buffer
memory for and expoaure, starting the exposure, and performing post-exposure cleanup.

Detector control 18 somewhat different for the CCD than it is for the MAMA detectors. The
CCD Timing State Machine [TSM) is powered on by direct command via the RIU. The Control
section FSW ensures proper TSM function by resetting the TSM. As mentioned above, the CCD
setup voltages are configured by command from the C85 to the CCD electronica. The final step of
configuration is for C5 to command the TSM to execute an infinite Hush pattern, while waiting
to atart a CCD exposure. Although, the MAMA detector low wvoltage power is controlled via the
RIU, the C5 controls the configuration of the MAMA charge amplifiers, decode configuration and
high voltage by commands sent to the MCE processor. MAMA detector high voltage is controlled
by a sequence of commands issued by the C5 to the MCE. The woltage is ramped in steps, and
the TS5 monitora the detector voltage, current and dark rate at each step. Out of limits conditions
reault in the disabling of high voltage. During high voltage operations, the C8§ will command the
MCE to perform a continual check of the detector global count rate. The MCE FSW responds to
violations of count rate limits by disabling high voltage.

Taking an exposure with cne of the STIS detectors requires the interaction of the STIS C§
processor with the device confrolling the detector. In the case of the CCD, the T8 will load the
timing pattern for the type of exposure commanded into the CCD Timing State Machine. The
TS5M will execute the timing pattern, which includes control of the CCD Shutter and the final
clocking of the acenmulated charge out of the CCD chip. The resulting data, after being processed
through an A/D converter, is transferred via a FIF(Q to a previously allotted section of C8 buffer
memaory. For the MAMA detectors, the control is somewhat different. The C8 will command the
MIE to initiate an exposure, which will then be controlled by code exemting within the MIE
processor. The MIE FSW will receive events from the MAMA detectors via a FIF(O device. As the
MIE pulls events from the FIF(, it will transfer them, in blocks of 32, directly to buffer memory
by way of a busshared with the C8, using & map of address apace defined in the exposure setup.
In accum mode, the MIE will increment a 16-bit register at a specific address in buffer memary
every time a count is received from a single location on the detector. Note that the mapping
can be modified during accum mode to account for Doppler shifting. In timetag mode, the MIE
will transfer each event as a 32 bit quantity, including 22 bits of spatial information and a 10
bit timestamp, into buffer memory. In timetag mode, the FSW keeps track of address pointera,
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a3 memary i8 filled by incoming events, or cleared when data is dumped to the spacecraft. For
all MAMA exposures, the C5 will command the MIE to perform a local rate check. This is a
‘quick-look’ image that, unlike normal MAMA data, is not transferred directly to buffer memary.
The MIE FSW will check the image for violations of the local count rate limita, and request the
C8 to shutter the detector nsing the Cal Insert Mechanism if the limits have been violated.

TE1. Targel AcquisiBion

Target acquisition is described in more detail by Becker, Kraemer and Kimble [1948).
The STIS Flight Software has the capability of exemting several types of autonomous target
acquisitions. These can be divided into two modes: 1) finding a target in a detector field of view
and placng it in a spectrcacopic slit, and 2) centering the target within a alit. The former iz called
‘target location' and the latter is called a ‘peakup’.

Although target acquisition can be carried out with any of the three STIS detectors, the CCD
ia primary for both modes of target acquisition. In order to avoid confusion in measuring target
location and flux, images taken during target acquisition are corrected for hot pixels, cosmic ray
hitz and have a biss level subtracted.

The FSW can execute three different types of target location. The first is the location of a
point aource. The sequence is as follows. An initial image of the field is taken in undispersed light
through one of the imaging apertures. In arder to save time, this image is taken as a subarray,
rather than & full field image. The subarray size is large enough to allow for initial pointing error
when the target is slewed into the STIS aperture. While the image resides in buffer memaory, the
FS5W checks through address space to find the 3xi set of pixels with maximum flux. This sef is
called a 'checkbox'. The FSW then calculates the flux-weighted centroid of this brightest box
to get the target location. The FSW then requests a spacecraft slew to place the target in the
expected alit center. A poat-alew image is then retaken, and the target is located by the process
described above. The Slit Wheel is moved to place the spectroscopic slit in place. The slit is back
illum inated with one of the calibration line lamps and an image is taken. The FSW finda the slit
center poaition via a threshold centroid, which corrects for errora that would ocour if the target
were Already in the slit when it was illuminated. A final slew is then requested to move the target
into the center of the slit. Diffuse acquisition is similar, but the observer can adjust the size of
the checkbex; the subarray will be increased accordingly. Planetary acquisitiona are similar to
the diffuse acquisition but, instead of determining the target position via flux weighted centraoid,
& thresholded centraid is used. This minimizes errors that could oceur if the albedo across the
target varies significantly (eg. the Jovian moon, Io).

Although the target locate process is quite accurate (better than 0.05" for & point smirce],
the peakup mode is necessary to center the target in the amaller STIS spectroscopic slita. The
pealnip requires acanning the slit across the source, and taking aubarray images at each dwell
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point. The slews between dwell points are requested by the STIS FSW. Once the full dwell
pattern is exemuted, the FSW calculates the flux-weighted centraid of the set of dwell points and
calculates the pointing correction necessary to place the target at this point. A alew request is
then issued, and a final confirmation image is taken at the resulting point. Instead of determining
the final pointing via a centroid, the FSW can also be commanded to return to the brightest
dwell point. Dhfferent scan patterns are used for different slita. Linear scans can be executed in
either dimension for smaller slits, while the scans are in the dispersion direction for peakups in
the long slita. For the amalleat aquare slita, a apiral dwell pattern may be executed. Peakups may
be executed in either imaging or dispersed modes. The demonstrated peakup accuracy has been
© .01 arcsec. It is not recommended to try peaking up in slits wider than (.2 arcsec, since the
pealup algorithm may actually degrade the accuracy of the centering resulting from the target
locate for these wider slits.

In order to perform occulted observing, the FSW can be commanded to center targeta behind
oceulting bars, either in the long slits or the special ocoulting aperture. At ita simplest, this can
consist of & normal target locate, followed by a ground commanded offset to place the target
behind the bar. For the most accurate positioning, a 'peakdown’ can be executed. This is similar
to the pealnp, but instead of finding the point of maximum brightness, the FSW will find the
point of minimum bright nesas and position the target accordingly.

8. Structural and Thermal Design.

The optica, mechanisms and detectors are supported on a graphite fepoxy optical bench
with & low coefficient of thermal expansion to minimize image motion and focus change with
temperature. Three pairs of heaters are provided on a thermal shelf above the optical bench,
intended to maintain the optical bench temperature to within +2°C in each of three zones along
the bench. The bench is kinematically mounted within the graphite/epoxy enclosure, which in
turn is kinematically mounted on latches within the spacecraft.

The enclosure also supports the electronics, outside the thermally protected optical bench
area. Three ventas at the back of the enclosure allow pressure relief at launch and outgassing
afterwards. The two vents in the optical bench region contain optical baffles to control any stray
light. from the aft shroud.

The thermal design was intended to control and stabilize the optical bench temperature. It
was modified less than & year before launch following predictions that the aft shroud would get
much hotter than previously predicted due to degradation of its outer optical properties from
solar UV and due to the additional power used by STIS and NICMOS operating in parallel. The
pricrity shifted to removing heat from STIS. Heat pipes were added between the MAMA detectors
and the aft bulkhesd, and copper radiator plates were added to the aft bulkhead to distribute the
heat. Radiator plates were added to the MEBs, insulation was removed from the thermal shelf,



26

and conducting braids were added to calibration lampa. Also connection blocks were added to the
aft. bulkhead for future connection of additional coaling,

9. Summary.

We have described the STIS instrument design and its acientific rationale. The STIS in-arbit
performance as of July 1997 is summarized in Kimble et al. [1998).

STIS will enable more thorough investigations of problems ranging from the detection of
protoplanetary disks, measurement of the masses of black haoles, to the composition of matter in
and between galaxies, and the activity of the earlieat galaxies.

The deaign is centered around the use of the two dimensiomal detectors most appropriate
for their wavelength ranges, with development of their performance characteristics within the
program; and developing and using mechanisms where required to capitalize on the versatility
enabled by the small optical pupil size, which is itself enabled by the sharpness of the HST image.

We thank the large mimber of people, particularly at Ball Aercapace and the HST Project
Office, who have contributed to the building and testing of STIS over the years, and the STS5-82
astronauta who installed STIS into the HST. The building of STIS was asupported by funding from
NASA HQ wia the GSFC HST Project Office.
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10. Figure Captions

Figure 1. The STIS instrument during assembly at Ball Aerospace.

Figure 2. Optical layout of STIS. The beam path is commaon up to the Mode Select
Mechanism, the position of which selects the remaining beam path, determining the spectral or
imaging mode being used. [Note that the filter wheel shown near the lamps was descoped and not
built. Some filters were moved to the slit wheel. )

Figure 3. The Mode Select Mechanism, showing the first order gratings, mirrors and a prism.
The mechanizm inserts the selected optic in the beam, and tilts it towards the subsequent optic or
detector, and selecta the wavelength.

Figure 4. The 5lit Wheel. The slit wheel contains 4 segments, each with a different pattern
aof alita ar apertures, totalling 65 slits from which the slit in use is selected by turning the wheel.
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Table 1. Primary Modes
Mo Band number Band 1 Band 2 Band 3 Band 4
Band name LY ML VIS ML
Wavelength range {nm) 115170 165-310 35555 5501000
Dretector MAKA sl MAMA a2 Te COD OO
Loy Made name (3 140L> G230L G430l GTHIL
resahtiom Spectral resalving powes TT1130 415-T30 445-TT) 425880
spectral Specified thranghput® 3.8% 3.0% 9.8% a8%
imaging Memured thmoughput® B.4% 3R 14 8% 10PE
Expesures) band 1 1 1 1
Mesd Tum Miode naome G 14081 G230M G a30nd GTS0M
resinhntiom Spectral resalving powes SE00=12800 TE013800 4340-TT30 ATH0H2:30)
spectral Specified throughput® 2.7% 20% 12.0% 13.7%
imaging Memured thmoughput™ 5.8% 2% 15.0% 14.58%
Exposures/ band 11 15 10 10
Med m Made name E1408 E2308
resalntion Spectral resalving powes 23050000 230000 -3 500K
echelle Specified throughput® 0.93% 10%
Mezured throughput® 1.5% 1.7%
Expesures) band 1 2
High Made name E140H E230H
resahytion Spectral resolving powes (102 Zjxlif [ Lik1.5)=10%
echells Specified thranghput® 0.64% 089%
Memured thmoughput® 1.8% 1.1%
Expesures) band 3 f
Very low Made name PRISM
resaluticm Spectral resalving powes 16524
spectma Speched throughput® 33%
Memured thmughput™ —
Camera Maode name FLIY ML QoD CCD/LP
Field of view {aroec) 25 x 3D 25 x 25 50 x 50 a0 50
Specified through put* 5.9% 44% 16.5% 11.8%
Mezured throughput® 10.% 44% 19.% 13.%

“Throughput at wavelengths of 1218, 235, 430, 770 nm m the 4 bands respectively, ncduding the detector

" Mogt of the mode names in Tables 1 and 2 have the farmat xnnny(B), where for x, G refers to a fint order grating,
E an echelle, ¥ a crossdsperser grating; nun & the appradmate center wanrelength in nam ometers; for v, L is for low
dispemion, M for medium dispemion, and H for high dispersion; and B f present refem to a backup made.
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Table 2. Backup Modes

Mude Band number Band 1 Band 1 Band 2
Band name Ly Fy MY
Wavelength ramge (nm) 115170 115170 165310
Dretesctionr MAMA sl MAMA 5. Te COo
L Made name Gl40LE G230LE°
resahtiom Spectral resalving pawes TA51115 495-9110
spectral Speafied throughput® 1.4% 23%
imaging Mezmured thraughput™ 4.9%
Expoures) bamd 1 1
Med fum Mads name GlAOME G230ME"
resinhntiom Spectral resalving powes S600=128040 43708230
spectral Speated throughput® 1.3% 2%
imaging Memured through put® 20%
Expaiures) band 11 110
Med fum Made name ElaM B
resalntion ZSpeciral resalving pawes 2300035000
echell= Spedified throughput® 0.50%
Memured through put®
Ewxpasures) bamd 2
High Made name EMIHE
resahytion Spectral resalving power {Li-L4)x1r
achelle Speafied throughput® 0.38%
Mezmured thraughput™
Expoures) bemd A
Lanw Mads name X140L X230L
resinhntiom Spectral resalving powes THS1123 53581504
with L cross Speated throughput® 2.3% 2.0
dispemsers Memured thmugh put™ 58%
Expaiures) band 1 2
It ermed tate Mode name Xl4am HIF0M
resalntion ZSpeciral resalving pawes AT A5-3344 243T-43481
with M cross- Spedified throughput® 2.3% 2%
digpemers Memured through put® 5.7%
Ewxpasures) bamd 3 i

“Mades (230LE and G230ME have been designated & prime and are supported by the ST5c] becanse the COD
is more efficient than the MAMA detector above 250nm.



Table 3.

Connection between Science Objectives and Implement ation

Sriemce (Vhjectives

Instrumental Hequirements

Implementation

Dynamis of stars and gas
clige to galactic ncle

to measure hblack hale
M

(350 absarption line
spectroscapy to study
galactic haloes and disks
as a function of =

Interstellar medinm
spectmascapy of weak

lme=s

Pratoplanstary disks amd
the search for planets
around near by stars

Stellar activity
e.g. flares, pubiam

Emimion line galasies
g AGHN:

Long slit spectroscopy with
(1.1 arcssc rsalution

Low debector read naoige
Low detector backgronnd

Moderat e spectmal rsalution
with wide speciral rangs
Low detector background

High sensitivity

Very high spectral res.
{up ta 200,000 in U
Wide spectral range
High /M

(roeultation of bright object
with knw scattersd hght
High amgular resalution

High time msahition
Low red leak
Moderat e spectmal rsalution

with wide spectral range

Low resalution imaging
spectrascapy with lange
foelds

Law backgraund

G0, GTS0M

Low naoise OO0
Cooled OO0

El40M, E2305

Croms dpemion
Photan counting with
Cerenkay rejection
sl photocat hade

El40H, E230H

Croms dpenion
High count rate LIV
detectans. FP-aphit slits

Camnagraphic slits

with Lyot stops

Match telssoope resalution
High dynamic range CCD

Time tag specirasopy
Zalar blind MAM As
El40n, E2305

Croms dipemion

G40, G230L, G430L,
GTE0L slithesa
Spectrascopy

Phatan counting wath
Cerenkey rejection ar
Law background OO0



o

Table $—Continued

Eriemce (hjectives Instrumental Hequirements Implementation
Emision line nebulas Long slit or slitkss G140L, G300,
[SME, H-H ahjects, spectroscapy with high GH30L, GTR0L

HII regions

Hadial velocties and
line identification
Accurate line profiles
and weak Bne detection

Obaerving efficiency

spatial resalution

Accurate wavelength
calibration

Ztable wellcalibrated
flat fielods

Auntonamans target
acquisition

O board hne lamps
Ptlr/Ne

Lomg-life photan
counters [MAMAS)
- board comtinuwm
flat field lamps

Imaging mades
Target acquisition saftware




Table 4. Grating Parameters
Made First Order Crating Echelle Crating
Huling Blame Manuf Huling Blaze Central Manuf~
frequency angle frequency angls arder
{g/mm} ( degrees) { g rem {desgrees)

140l 27330 .42 108

230L 103710 .74 5

G430L 121 81 1.33 HI*

GTE0L A7.58 1.43 15

Glanh S8 12.40 Iy

2306 2200000 18.30 15

GA30M 12001000 13.12 HI*

GTE0M G000 12.83 HI*

E1408 32080 1.31 5 94,78 44.7 104 M
E230 8 246.148 1.41 HI 52.13 324 oLt M
El40H 086 88 4.33 5 44.41 A48 25 ML
E230H TIR38 4.49 HI 24.35 T8 324 M
X140L 32080 1.31 5

X230L 246.148 1.41 HI*

1408 9586 88 4.33 PE

2308 TI8.348 4.49 HI*

Gl40LE 2080 1.31 PE

G230LE 24817 1.41 HI*

GlaoMEB SA00.00 12.40 Iy

G230MEB 220000 18.30 515

El4MB 32080 1.31 PE 52.13 324 142 15
El4lHE 986 88 4.38 PE 24.35 T 539 15

Abdlanufacturer codes:
Mt = Miltom=Hoy, now Hichardsom Laboratories, Hochester, MY

HIF = Hypedine [ne., Boulder, OO
PE = Perkin-Elmes, [rvine, C4

JY = Jobin-Yvin, Franoe
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Table 5. Dispersions and Plate Scales- Prime Modes

Made LDhpia Wavrelength coverage Paisgp Po diap Echelle arder
PET EXpaBRUTE {along-dispersion) {eass-disperson ) se paration
A fpiseel A amcses ) pincel arses, pocel arcsec

G 140L 0.583 54T 00245 00244

(230L L55 1583 244 244

CH30L 275 28048 00sE12 0OE0T

GTHIL 4.88 4993 00sE12 0OE0T

G408 L0530 54.3 00E07-0.0314 a4

(2308 00872 88.2 00305 00317 a4

G308 02T 283 543 00578 0E0T

GTE0M 0.555 56T (LS4 LS T 00E0T

El40M A091, 700 58T 00363 0zad A2 0. 98
E230M A0 80000 508 0335 0zad 0A8-1.T2
El40H A0 228 00K 202 00474 0unzad 0Af=1.02
E230H A0 228 00K ATT 00474 0unzad 0.38-1.41
PRISM Varahle 1150310047 2ad a4

FLW - TN 00244 a4

MUY - ~< 2N 00244 a4

VIS - ~<HINI] LOE0T LOE0T

ML - ~4 S LOE0T LOE0T

"(Fhjective prism spectra cover raughly 31004 [where the sensitivity of the NIV MAMA & drapping rapidly)
to raughly 11504 [whers the dipersion of the prism is increming rapidly and the MgFy transmission is dropping

rapadly;.



Table 6. DMspersions and Plate Scales- Backup Modes

Il oo Dhpis Wavelngth coverage Paisp Pa—fisp Edhelle arder
T EncpS TS {along: dEpersion) {exms dEpersion) se paration
A/ piiscel A arcuec, pixel arcuec | pixel arcuec
Gl40LE (.606 il (285 n2ad
Ga30LE L.37 1405 0613 OE0T
Gl40ME L0535 5B (L.0307T-0.0314 0284
GaaoME’ 0151 154 .05 4=0. 0581 OET
El40MB A 6 KD a0 0.03.36 n2ad 033068
El40HE A 228,000 A2 .0dT4 0284 0250050
K401 (L& fild (0285 0284
K140M 0.195 A (0296 0284
X230 0.305 BT (28 0284
K230M 0.270 i (294 0284

"Mate that these MUV backup modes with the OCD are supported by ST as prime science mades as a result of
ther high efficdency at long warslengths compared with that of the comespanding prime MAMA modes.



Table 7. Spectroscopic Slits and Filters.
Length, arcuec Width, armec Name Main modes of use Commments
Limg aht
52 DG ) SAN005 7ol G M
52 0.1 SN0 7ol G M
a2 0.2 G3N0.2 7ol G M (HFset acenlting bar #
a2 04 el L 7ol G M
a2 2 Ganz 7ol G M
a2 0.l SN0 1B0.S 1oLy G M Central accnlting bar®
Exhelle
.1 0163 0k L0046 E230H
0.1 004 0. 1004 E230H
0.1 02 0102 E230H
02 0063 0. 25004 EldaH, E..M
02 004 0250049 EldaH, E..M
02 02 0. 2x02 El40H, E..M
.33 0063 0. 3x0.06 E 1408
.33 004 0. 3x0.049 E 1408
.33 02 0.3x0.2 E 1408
0.2 5 0.2X0 5 E.M Higher throughput
1 0063 1. X006 E..M
1 02 1Xi0.2 E..M
02 S 020 0EN Ly El40H, E2308 + MI¥2 A, comtin. lamp
.33 S 03RO 05Ny E 140 + M3, comtin. lamp
Misoellamy
0.1 25 0. IR003 E.H, BE.M Eortra high resalution
f 0.2 ax0.2 E.M,G.M Exctended souros
i 05 AX05 E.M, G.M Eonctended sounces
L] (063 X006 E.M, G.M Ertended sounces
0A 0.5 0.5X0.5 E.H E.M Eotended somroes
i} i} i E.M G.M Eaxctended somnoes
High §/N
0.2 0063 0. 2X0 06F P 3oL, GoM, E.M Set of 5 shits, FP spht
0.2 0.2 0.2%0 2FP 3oL, G M, E.M Set of 5 shits, FP spht
Plametary
35 [ 5=0.2 FEM0.051°45 pol, GoM Hall 445 degress
35 [ 5=0.2 JEM0.O05N45 ol G M Hall 45 degres
35 082 J6M0.61%45 7ol G M Hall 445 degress
35 082 M0 AMNA5 7ol G M IHall 45 degres
2 2 2k2 7ol G M lia



Table 7—Continued
Length, arcsec Width, ancsec Mame Main mades of use (omments
Medigpemion
0054 it 00Ex249 ol KoM Calib, B=30K
008 it noaxaa Kol KoM Calib, B=30
02 it 0.2 20 Kol KoM Calib
Flat field cal
31 .05 JIK00AN DA + MI¥.4
31 .05 JIN005MDE + N33
31 L5 SLK00EN + MI¥L.2
LI 3l Q05N INDA + MDNLE, for echells
005 3l O3 INDE + MDA, for echells

2411 the long slits havs 2 acenlting and reference bam for OO0 use at the edge of the MAMA fisld. One of these
affiet bars, i the 0.2 ansec sht, was selected for ST5] support and is called 52X0.2F1. The central (15 arces: wide
bar in the 0.1 aoes wide slit called 52ZX0.1 B0 5 is not currently supported for operations.

Table 8. Imaging Apertures and Filters.

Length Width MName Main made Comments
amsec amsec for use

At ai SO0 CCD (lear imaging

25 50 FIBXHLE CODLE Visible long pass - Target Acg
28 & FaaXa00ll CCD AT2.7nm namraw band

28 a0 FaaXan00nn CCh S00.Tnm very nammow band
24.7 24.T AR M3 All MDA - bright star, flat field
24.7 24.T 25 MIE All MDE - bright star, flat field
247 247 FasNIM)1,2 34 All ND quadrant - bright star
50 50 SOCORON CCD, FUV, NUV Occulting Wedges

24.7 24.T 5MAMA FLIW, NUIY Clear imaging

24.7 24.T FaELYA LY Lyman alpha filter

247 247 FasQTZ FUV, NUV Crystal quarts filter

24.7 247 FaCN182 NI 1%2nm cemtinunm filter
247 24.T Fasor ML CIII filter

24.7 247 FaCNITO NI 2Tnm cemtinunm filter
24T 24.T FasMGI ML Mg L1 filtes

24T 24.T FasshE2 LW, MUY ErPFy filter




Tabkle 1. MAMA Performance

ltem Fhight Hequirement FIfy MAMA MUV MAMA
Tabe #5TFL Tube #5TES
Array size [poosls) 1024 x 124 A48 x M3 A4S x 2048
for hi-res for hi-ress
24 = 1024 1024 x 1024
for lo-res for loeres
Spatial <30 2271940 {fiekd am/off) 29.3 at A25) nm
resahution for hi-res for hi-res
{ microms ) 205258 [field anoff) 33.2 at A250 nm
for ko-res for lores
Dhetesctnee =15% at 122 nm 25.1':53-_._,"15.9:!1'-;
quaTtim for FLIV [fiedd onoff) 2t 413 2nm
-.-.'I:Edmc_lr =10 at 254 nm Q0% &t A254 nm
for ML
Dark rate <10 far FUIY 1.2
[eounts em™? 57" <20 far NLIV 048 an ground
L0200 in arbit®
Flat field uniformity B a.4% Fa%
e loeres poosl{+/- 1 & )
Flat foeld stabality oves g 0.7T% aver
30 days poer lo=res pixel 21 days
[+.I'I' La .I
Dhefmct bevels:
Brolen skctrodes L 1] i
MCP bright spats a 0 0
MO dark spots <221 4 4
Local mzeammm count rate =i 228 340
[eounts pioeel ™* 571
(Hobal madmmm count rate =3 = 1P 345 x LiP 345 = 1p*
{counts s~
Viaible light QE « 1072 far FUV 1 x 1072
at 400 nm < 1077 far NUIY 27 w11

EThis higher dark rate in the MUY detectar was finmd after launch, [t is attributed to phospharescencs i the
window, eccited by trapped particles. Since the re-emBsion rate is dependent on temperature, lower rates coubd be

abtained by codling.
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Table 1. CCD Performance
Hemirement Pedarmanos
Format |pixek) 1034« 1024 1024 x 1024
Dretesctive quamtum efficiency at:
300 nm 5% 19.5%
500 nm L BL.8%
T nm L 83.1%
B0 nm 0% 29.0%
1000 nm Loy BO%
Head naise [slectrons, rms) 4.0 4.0 far Gain =1 ™ /hit
54 for Gain =2 & /hit
71 far Gain =4 ™ /hit
109 for Gain =8 &~ fhit
Drark current {ekctrans pixel ™ hour ") =25 at —801°C 8 at —83°0
Flat field unifrmity L1 pep < 1%
Average CQF instability
1 hr +3% < 1%
1 manth +3% < 1%
Flat field mstability
1 hx .™% rms < (L18% rms
1 manth L% rms < L3 rms
Drefesct Jevels
dead or hot pooels < 1K} Met at launch, hot pixek
grow in or bt
Linear range - at 1% mall off 170K 33,000 els at Gain=1

A8,000 els at Gan=2
144,004 ek at Gain=4
144,000 =k at (ain=3




